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ABSTRAK 
Projek ini adalah satu kajian kawalan robot mudah alih beroda dalam persekitaran yang 
terhad. Sebuah robot mudah alih beroda dengan 3 roda adalah rekaan dan ia adalah 
kawalan oleh terbitan kawalan daya aktif berkadar (PD-AFC) untuk bergerak dalam 
persekitaran terhad pra-dirancang untuk melaksanakan ralat sifar landasan yang betul. 
Parameter kinematik dan dinamik daripada robot mudah alih akan dipertimbangkan. 
Untuk pengawal, sistem kawalan dengan dua gelung, gelung luar dan dalam direka 
untuk mengawal robot mudah alih yang beroda. Kabur pengawal logik dilaksanakan 
dalam SIMULINK untuk menganggarkan Inertia Matrix yang akan digunakan untuk 
mengira tork sebenar digunakan pada robot mudah alih yang beroda. Robot mudah alih 
diuji dalam bulat trajektori. Basil carian telah direkodkan dan dianalisis Walau 
bagaimanapun, pergerakan robot mudah alih yang beroda di jalan yang sebenar dan 
jalan yang dikehendaki dibandingkan. 
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ABSTRACT 
This project is a study of control of wheeled mobile robot in restricted environment. A 
wheeled mobile robot with 3 wheels is fabricated and it is control by a proportional 
derivative active force control (PD-AFC) to move in a pre-planned restricted 
environment to perform minimum track error. The kinematic and dynamic parameters 
of the mobile robot are considered. For the controller, a control system with two loops, 
outer and inner loop is designed to control the wheeled mobile robot. Fuzzy logic 
controller is implemented in the SIMULINK to estimate the Inertia Matrix that will be 
used to calculate actual torque applied on the wheeled mobile robot. The mobile robot 
is tested in circular path. The results are recorded and analyze. However, the movement 
of the wheeled mobile robot in actual path and desired path are compared. 
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CHAPTER! 
INTRODUCTION 
1.1 Introduction 
Mobile robot plays an important role in society today. There are several types of 
mobile robot, such as legged, wheeled and tracked mobile robot (Elyoussef, De Pieri, 
Moreno, & Jungers, 2012). In this technology world, mobile robot became a great 
helper for human. Wheeled mobile robots are used in many applications especially in 
factory and some restricted environments that human cannot perform. With the help of 
the mobile robot, the efficiency to complete a task will be enhanced. For example in 
production line, robot may shorten the time taken to make the product and reduce 
manpower (Abdalla, 2013). Moreover, the wheeled mobile robot cannot be use only in 
factory but it also can be implemented in the road environment. To make sure that the 
mobile robot will arrive safely in the end point, a pre-planned path is set. The mobile 
robot is able to follow the planned motion. Many researches are done on the motion 
control of wheeled mobile robot, such as high tracking accuracy (Deng, Yao, Zhu, 
Wang, & Yang, 2014). 
The motion of the wheeled mobile robot is controlled by controller such as 
Proportional-Integral-Derivative (PID), Fuzzy logic control (FLC), Active force control 
(AFC). PID controller is the mostly used controller in industry because of its simplicity 
(Deng et al., 2014) Besides that, AFC also is a good controller that can minimize the 
tracking error effectively (Ali, Yusoff, Hamedon, & Yusssof, 2015). By implementing a 
useful controller, the motion of the wheeled mobile robot will become stable and 
accurate. Moreover, the mobile robot will be able to move in different types of 
trajectories with zero track error. 
1 
In this research, the Active force control (AFC) algorithm will be implemented 
to a three wheeled mobile robot to move in different types of restricted environments 
with zero track error. The motion of the mobile robot is planned and the actual with 
desired paths of the wheeled mobile robot are compared. Moreover, both kinematic and 
dynamic modelling of the mobile robot is considered. In this project, it is only focus on 
the three wheels differential drive mobile robot which will be tested in circular and 
rectangular path. 
1.2 Problem Statement 
The main problem of the path control mobile robot is the big tracking errors that 
occur in its actual trajectory. Nowadays, mobile robot helps the human to do many 
works, especially some dangerous and repeated works. To control the wheeled mobile 
robot in restricted environment such as road, and factory; the safety factor should be 
considered. To prevent collision, the mobile robot should have an approximate zero 
tracking error performance. From the figure 1, it shows the desired trajectory path and 
actual trajectory path. The different between desired trajectory and actual trajectory is 
the tracking error. If the mobile robot does not move in the desired trajectory, collision 
may occur. Thus, to avoid obstacle collision occur, the mobile robot should move in its 
planned path with minimum tracking error. 
- Desired trajectory 
- Actual trajectory 
Figure 1.1 Desired trajectory and actual trajectory path of the mobile robot 
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The next problem of the controlled mobile robot is happed when we use Tele-
operated system which controls the robot remotely by human and cause inaccurate 
control operation of mobile robot. Tele-operated mobile robot control system may need 
the manpower and some error un-estimated disturbances may occur during the control 
operation. Therefore, it will affect to the efficiency of the mobile robot to complete their 
task, where the mobile robot should move in the desired path with a useful controller. 
An appropriate controller such as PID controller and AFC controller can increase the 
predictability of the mobile robot' s behaviour to decrease tracking errors and can make 
sure that the control of mobile robot is in robust enough. Besides, it also can speed up 
the mission of the mobile robot: e.g. in the factory, with the present of these mobile 
robots, the time taken for the mobile robot to complete the task will be shorter, thus, the 
productivity will increase. Moreover, a proper controller can increase the efficiency of 
the mobile robot to complete its task. 
1.3 Objective 
The main objectives of this work are: 
1. To fabricate a three wheeled mobile robot with two differential wheels and one 
castor wheel. 
2. To apply the Proportional Derivative-Active force control (PD-AFC) algorithm 
with different types of restricted environments. 
3. To control wheeled mobile robot in restricted environment with minimum track 
error. 
3 
References 
This thesis is prepared based on the following references; 
Abdalla, T. Y. (2013). Trajectory Tracking Control for Mobile Robot using Wavelet Network, 
74(3), 32-37. 
Ali, M.A. H., Yusoff, W. A. B. W., Hamedon, Z. B., & Yusssof, Z. B. M. (2015). Wheeled 
Mobile Robot Control in Restricted Environment using PD-Active Force Control Scheme. 
Astrom, K. J., & Hagglund, T. (2011). Auto-tuners for PID Controllers. 
Chavan, A. V, & Minase, J. L. (2015). Design of a Differential Drive Mobile Robot Platform for 
Use in Constrained Environments. International Journal of Innovations in Engineering Research 
and Technology, ljiert, 2(6), 1-10. 
Deng, Z., Yao, B., Zhu, X., Wang, Q., & Yang, H. (2014). Modeling and p-synthesis Based 
Robust Trajectory Tracking Control of a Wheeled Mobile Robot. {IFAC} Proceedings Volumes 
(Vol. 47). IF AC. https://doi.orglhttp://dx.doi.org/1 0.3182/20140824-6-ZA-1 003.02777 
Elyoussef, E. S., De Pieri, E. R., Moreno, U. F., & Jungers, M. (2012). Super-Twisting Sliding 
Modes Tracking Control of a Nonholonomic Wheeled Mobile Robot. IFAC Proceedings 
Volumes (Vol. 45). IF AC. https:/ /doi.org/1 0.3182/20 120905-3-HR-2030.00 124 
Fang, M. C., Lin, Y. H., & Wang, B. J. (2012). Applying the PD controller on the roll reduction 
and track keeping for the ship advancing in waves . Ocean Engineering, 54, 13-25. 
https://doi.org/1 0.10 16/j .oceaneng.20 12.07.006 
Gfrerrer, A. (2008). Geometry and kinematics of the Mecanum wheel. Computer Aided 
Geometric Design, 25(9), 784-791. https://doi.org/10.1016/j.cagd.2008 .07.008 
52 
Godjevac, J. (2005). Comparison Between Pid & Fuuzy Logic.Pdf. Comparison Between Pid & 
Fuzzy Logic. 
Hashemi, E., Ghaffari Jadidi, M., & Ghaffari Jadidi, N. (2011). Model-based Plfuzzy control of 
four-wheeled omni-directional mobile robots. Robotics and Autonomous Systems, 59(11 ), 930-
942. https://doi.org/10.1016/j.robot.2011.07.002 
Huq, R., Lacheray, H., Fulford, C., Wight, D., & Apkarian, J. (2009). Qbot: An educational 
mobile robot controlled in MA TLAB simulink environment. Canadian Conference on Electrical 
and Computer Engineering, 350-353. https://doi.org/10.1109/CCECE.2009.5090152 
Karnik, N. N., & Mendel, J. M. (1998). Introduction to type-2 fuzzy logic systems. IEEE 
International Conference on Fuzzy Systems Proceedings. IEEE World Congress on 
Computational Intelligence (Cat. No.98CH36228), 2, 915-920. 
https://doi.org/1 0.11 09/FUZZY.1998.686240 
Kuzyk, R., & Solana, G. (1973). Elliptical Double Mecanum Wheels for Autonomously 
Traversing Rough Terrains. IFAC Proceedings Volumes (Vol. 43). IFAC. 
https://doi.org/1 0.3182/201 00906-3-IT -2019.00004 
Leena, N., & Saju, K. K. (2016). Modelling and Trajectory Tracking of Wheeled Mobile Robots. 
Procedia Technology, 24, 538-545. https://doi.org/10.1016/j.protcy.2016.05.094 
Maalouf, E., Saad, M., & Saliah, H. (2006). A higher level path tracking controller for a four-
wheel differentially steered mobile robot. Robotics and Autonomous Systems, 54(1), 23-33 . 
https://doi.org/1 0.1 016/j.robot.2005.1 0.001 
Mailah, M., & Priyandoko, G. (2007). Simulation of a suspension system with adaptive fuzzy 
active force control. International Journal of Simulation Modelling, 6(1), 25-36. 
https://doi.org/1 0.2507 /IJSIMM06(1 )3.079 
53 
Mailah, M., & Priyandoko, G. (2010). Mechatronic implementation of an intelligent active force. 
International Review of Mechanical Engineering, 4(7), 899-907. 
Martin, F., Monje, C. A., Moreno, L., & Balaguer, C. (2015). DE-based tuning of &lt;mml:math 
altimg="si0006.gif' ' overflow="scroll" xmlns:xocs="http://www.elsevier.com/xml/xocs/dtd" 
xmlns:xs="http://www.w3.org/2001/XMLSchema" 
xmlns:xsi="http :/ /www. w3 .org/200 1/XMLSchema-instance" 
xmlns="http://www.elsevier.com/xml/ja. !SA Transactions, 59, 398--407. 
https://doi.org/1 0.1 016/j.isatra.2015.1 0.002 
Mean, M.S., Mohamed, T. L. T., Ramli, M. H. M., Mohamed, M. Z., & Manan, N . F. A. 
(2012). Review and current study on new approach using PID Active Force Control (PIDAFC) 
oftwin rotor multi input multi output system (TRMS). SHUSER 2012 - 2012 IEEE Symposium 
on Humanities, Science and Engineering Research, 163-167. 
https ://doi.org/1 0.11 09/SHUSER.2012.6268848 
Muniandy, M., & Muthusamy, K. (2012). An Innovative Design to Improve Systematic 
Odometry Error in Non-holonomic Wheeled Mobile Robots. Procedia Engineering, 41(lris), 
436--442. https://doi.org/1 0.1 016/j .proeng.2012.07 .195 
Resende, C.Z., Carelli, R., & Sarcinelli-Filho, M. (2013). A nonlinear trajectory tracking 
controller for mobile robots with velocity limitation via fuzzy gains. Control Engineering 
Practice, 21(1 0), 1302-1309. https://doi.org/1 0.1 016/j .conengprac.2013 .05.012 
Shah, P., & Agashe, S. (2016). Review of fractional PID controller. Mechatronics, 38, 29--41. 
https://doi.org/1 0.10 16/j .mechatronics.20 16.06.005 
Shahmaleki, P., Mahzoon, M., & Shahmaleki, V. (2009). Designing Fuzzy Controller and Real 
Time Experimental Studies on a Nonholonomic Robot. IFAC Proceedings Volumes (Vol. 42). 
IF AC. https://doi.org/1 0.3182/20090902-3-US-2007 .0025 
54 
Shinskey, F. G. (2006). PID Control, (February), 30-31. 
Temel, S., Yagli, S., & Goren, S. (2012). Electrical and Electronics Ee402- Discrete Time 
Control Systems Recitation 4 Report P , Pd , Pi , Pid Controllers. 
https://www.google. com.pr/url? sa=t&rct=j &q =&esrc=s&source =web&cd= I &cad=rja&uact= 
8&ved=OCBOQFjAAahUKEwig6ZPnylnJAhUG5CYKHX6oBDI&url=http%3A%2F%2Fwww. re 
searchgate.net%2Ffile.PostFileLoader.html%3Fid%3D54685991 dll b8bc9668b461 a%26assetK 
ey%3DAS%253A27363520017, 63. 
55 
